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Abstract: In recent times the application of Aluminium basmnposites are increasing in various industriespgwo their
improved mechanical properties. These material®fneuch interest to the researchers from pastdegades. In this paper it is
aimed to present the experimental results of thdiess conducted regarding effect of a case hardgmiocess like Nitriding on
mechanical properties of Al6061 — Graphite comgssifThe composites are prepared using the liquidlimeyy technique, in
which graphite particulates were dispersed in #heelmatrix in steps of 0, 3 and 5 wt. %. The expental results showed that,
after Nitriding of the Graphite reinforced Al606letal matrix composite material, the values of thechanical properties like
Brinell's hardness, Tensile strength, Young's moduhnd % elongation compared to those values witNariding were found

to be improved.
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[. INTRODUCTION

Metal matrix composites (MMC) are of wide interesting to their high strength, fracture toughness stiffness. The
light metals such as Al and its alloys form supedomposites suitable for elevated temperatureieatns when reinforced
with ceramic particulates [1]. It was found thag tmatrix hardness has a strong influence on thaliiing wear behaviour of
Al, O3 particulate AlI6061 MMC [2]. In the investigatiom dhe tribological behavior on Al6061 reinforcediwil,O; particles
it was concluded that a characteristic physicallhmmatsm exists during the wear process [3]. Wheafficently high load is
applied on the contact, the matrix phase is plakyideformed, and the strain is partially transfdrto the particulates, which
are brittle with small failure strains. It was algademonstrated that the effects of applied load temperature on the dry
sliding wear behavior of Al6061 alloy matrix comfies reinforced with SiC whiskers or SiC particaltind concluded that,
the wear rate decreased as the applied load isased [4]. At higher normal loads (60N), severervega silicon carbide
particles (SiC) cracking and seizure of the conteosias observed in pin-on-disc test during dryirstidvear of Al2219 alloy
MMCs [5]. MMCs having SiC of 3.5, 10 and 20n size with 15 vol. %, produced by P/M route digplh good wear
resistance with increasing particle size in slidimgar [6]. Sliding distance has the highest eftattthe dry sliding wear of
MMCs compared to load and sliding speed [7]. Aduditiof 20% reinforcements increases the wear resistaf the
composites, but beyond that no improvement wasrebdd8]. In the investigation of wear behaviourAl6061 alloy filled
with short fiber (Saffil) it was concluded that 8Slafeinforcement are significant in improving weagsistance of the
composites [9]. Self-lubricating graphite was immmated in AlI6061 alloy to prepare composites [II0& above literature
reveals that the nitriding effects on mechanicdlawor of the composites are not discussed, furgkey little information is
available with MMCs of AI6061 reinforced with graph particulates. Hence the present paper descthimsnechanical
behavior of nitrided and graphite filled AI6061 mletatrix composites.

Il. EXPERIMENTAL DETAILS AND M ATERIALS USED
The following section highlights the material, fisoperties and methods of composite preparationtesiihg. The matrix

material for the present study is Al6061. The micing material selected was graphite. Table 1gthe chemical composition
Al6061 and table 2 gives the physical and mechapiwgperties of AI6061 and graphite.

TABLE 1.CHEMICAL COMPOSITION OFAL6061BY WT%

Si Fe Cu Mn | Mg | Cr Zn Ti Al
0.62] 0.23] 022 0.03 084 042 010 0p1 Bal
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TABLE 2.PHYSICAL & MECHANICAL PROPERTIES OFAL606IAND GRAPHITE

Material Elastic DensitylHardness Tensile
Modulus(GPa)| (g/cc) (HB500) | Strength(MPa)

Al6061 70-80 2.7 30 115
Graphite 8-15 2.09 1.7* 20 — 200**

*Mohs scale;** Compressive Strength (MPa)

I1l. PREPARATION OF COMPOSITES

The liquid metallurgy route (stir casting techniyjbhas been adopted to prepare the cast compositssaribed below.
Preheated graphifmwder of laboratory grade purity was introducet itne vortex of the molten alloy after effectivegassing.
Mechanical stirring of the molten alloy for duratiof 10 min was achieved by using ceramic-coatedl sipeller. A speed of
400 rpm was maintained. A pouring temperature di’@3was adopted and the molten composite was pomtedcast iron
moulds. The extent of incorporation of graphitehie matrix alloy was varied from 0, 3 and 5 wt%u$ttomposites containing
particles 0, 3 and 5 wt% were obtained in the fofraylinders of diameter 22mm and length 210mm

[V. CASE HARDENING BY NITRIDING OF COMPOSITES

Among various case hardening processes, Nitridirgglected in the present research. The nitridinggss is primarily used
to increase the hardness, corrosion resistancenaad resistance etc, of the components/parts uselei various industrial
applications. There are various methods for nitigdiFor this experimentation Gas Nitriding was udsetause of the absence of
a quenching requirement with attendant volume changnd the comparatively low temperatures emplayehis process, gas
nitriding produces less distortion and deformatiban either carburizing or conventional hardeniigme growth occurs as a
result of nitriding but volumetric changes are tiekly small. The cast composites were heatedtemmerature of 50C in a gas
tight furnace and then ammonia gas was introdunglthe furnace chamber. This process of nitridirgg carried out, in the
presence of the nitrogen that is evolved from theodhposition of the ammonia gas, for a period ofh#sl maintaining the
temperature of 50C.

V. TESTING OF COMPOSITES

The cast composites were machined and the specifoetitee measurement of hardness, as well as fahamécal behavior
were prepared as per ASTM standards. Brinell's tesd tester was used to measure the Hardness abriposites before and
after nitriding. The mechanical properties wereleated before and after nitriding using Akash makenputerized universal
testing machine of 40-ton capacity.

VI. RESULTS AND DISCUSSIONS

The test results of AI6061 and its composites dairtg graphite at various weight percentages, wittemd with nitriding, are
presented in these sections.

Effect of nitriding on the mechanical properties
The effect of nitriding on mechanical propertiestsias hardness, tensile strength property, % etmmgaYyoung’s
modulus, compressive strength property test resfilfd6061 and Al6061 composites containing graplat various weight
percentages are presented in these sections.

a. Hardness

The change in the hardness of composites with rgrgontent of graphite reinforcement, without anthwitriding is shown
in Fig. 1. The figure represents the variation amdmess evaluated at a load of 500kg with incrgagercentage of graphite in
Al6061 with and without nitriding. It is observeldat the hardness of AI6061 composites decreasesingiteased content of the
graphite reinforcement.

There is a good reason for this phenomenon, thasigbe graphite, being a soft dispersoid, doesantribute positively to
the hardness of the composite. K.H.W Seah etHl], have reported a reduction in hardness fromBEN to 77 BHN (about
28% differences) on addition of similar weight partages of graphite to ZA-27 (Zinc Aluminium) alloguch a monotonic
decrease in the hardness of the composite as tgagintent is increased poses a limit to how muélplgte may be added to
enhance its other mechanical properties, sincenkeardis directly related to wear resistance. Caresgtty, a compromise is
necessary when deciding how much graphite shoulddoded to enhance the ductility, UTS, compresdirength, and Young's
modulus of the composite without sacrificing tooamuwof its hardness, especially in components likgiree bearings, pistons,
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piston rings and cylinder liners, in which wearistance is of paramount importance [1Burther the hardness values of the
composites were found to be increased after nilgidiompared to those values before nitriding. Thislearly depicted in the
Fig.1.

b. Tensile properties

From the study of Fig. 2 it can be seen that timsike strength Variation in Tensile Strength

. . . . i . without and with Nit riding
increases with increasing percentage of graphitemRhe figure, it can
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145 +
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be observed that the tensile strength of the coitgsos higher than
that of the matrix alloy. Further, from the graghe trends of the
tensile strength can be found to be increased wittease in graphite
content in the composites. This increase in terssilength may be due
to the graphite
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particulates acting as barriers to dislocationthémicrostructure [13]. 0% 3% 5%

One great advantage of this dispersion-strengtlyegiifect is that it is % Graphite in AIB061
0

retained even at elevated temperatures and fonéstetime periods
‘ === \\/ithout Nitriding ==@== \Vith Nitriding

because the particles are unreactive with the matiase [14]. Also

Figure 2. Variation in tensile strength of Al6061 vith

the tensile strength of the composites was foundetancreased after increasing wi% of Graphite (Without and with nitrid ing)

nitriding compared to that before nitriding. Thésdlearly seen in the
Fig. 2.

Variation in %
without and with

c. % Elongation
From the study of Fig. 3 it can be seen that thel@agation increases

with increasing percentage of graphite. From thgurk, it can be
observed that the % elongation of the compositdsgker than that of

the matrix alloy. Further, from the graph, the ttemf the % elongation

%
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can be found to be increased with increase in giaptontent in the 0 3

composites. This considerable increase in duciiitgue to the graphite % Graphite in

additions, being an effective solid lubricant [18}leases the movement [ —e— \yithout Nitriding =—@= With

of grains along the slip planes. The effect of giepis expected to be Figure 3. Variation in % Elongation of AI6061 with

mechanical in nature since the particles are uatir@awith the matrix increasina wt% of Gravhite (Without and with
phase [14]lt was also observed that the % elongation of traposites is
increased after nitriding. This is clearly illuged in the Fig. 3. Variation in Young's
Maithlost and with

d. Young’s Modulus Nitridina

From the study of Fig. 4 it can be seen that theings modulus g
increases with increasing percentage of graphitamRhe figure, it can be & 2
observed that the Young’s modulus of the compos#tdsgher than that ‘%Q’ Z-)
of the matrix alloy. Further, from the graph, tmends of the Young’'s >3_ §
modulus can be found to be increased with increageaphite content in 5 0 3 5 '
the composites. Similar results have been obtaimeduminium matrix % Graphite’n
composites where the Young's modulus has beentegbtar increase with ‘_‘_WithoutNBOGl —— i ‘

increase in the content of the reinforcing materiedardless of the type o Figure 4. Variation in Young's modulus of AI6061 wih

increasina wt% of Graphite (Without and with nitrid ina)
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reinforcement used [20T.he values of the Young's modulus of the compositee found to be enhanced after nitriding. This is

clearly seen in the Fig. 4.

e. Compressive properties
From the study of Fig. 5 it can be seen that themessive strength

Variation in Compressive

increases with increasing percentage of graphi@mRhe figure, it can Strength without and with
be observed that the compressive strength of tineposites is higher Nitriding

than that of the matrix alloy. Further, from theagin, the trends of the 900

compressive strength can be found to be increadéu imcrease in o ELCE 800 -

graphite content in the composites. Also the cosgive strength values @ Z 700 -

of the composites were found to be improved afgidmg compared to ‘g_ % 600 -

those values before nitriding. This is clearly dégd in the Fig. 5. § g Zgg B ‘ | |

0% 3% 5%
% Graphite in Al6061

== \Vithout Nitriding =-@==\\/ith Nitriding

Figure 5. Variation in Compressive strength of Al661 with
increasing wt% of Graphite (Without and with nitrid ing)

VIl. CONCLUSION

The significant conclusions of the studies caroation Case Hardening of Al6061 - Graphite compssitre as follows.

1. Cast Al6061 — Graphite composites were preparecesstully using liquid metallurgy techniques.

2. The properties of the cast Al6061-graphite compssitre significantly changed by varying the amadigfraphite therein. It
was found that increasing the graphite contentiwithe matrix material resulted in significant irogement in ductility,
tensile strength, compressive strength and Youngtulus, but a decrease in the hardness.

3. The mechanical properties like hardness, tengiength, % elongation, Young’s modulus and compvessirength of the

composites were found enhanced with the nitridiegt hreatment process.
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